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ABSTRACT

Experimental work was conducted on previously developed per-
cussion primers to determine functioning characteristics in the
tempe:ature range of 400' to 600" F. Feasibility studies were also
conducted with various priming m~xtures and metallic components of
i:he primers to determine practicability of a primer which would be
stable after several hours in storage at temperatures up t'. 600' F.
Two primers, designated No. 73 (G-11) and No. 73 (G-16), were tested
while being held at the high storege temperatures and, also, at am-
bient conditions after cooling from the storage temperature.

The sensitivity of No. 73 (G-11) primed, foiled cases was de-
termined after exposure at 450' F. The results indicate that no
reliance can be placed on these primers after an exposure of ap-
proximately one week at 4500 F. G-11 primers may burn or explode
after several hours at 500' F.

The sensitivity of No. 73 (G-16) ptimed, foiled cases was de-
termined after exposure at 450,* 500', 550%, and 600' F. The period
of usefulness appears to range from several weeks at 4500 F to sev-
eral hours at 5500 F. C-16 primers exploded after less than 30 min-
utes in a 6000 F environment.

In the evaluation of ideas for primer components that might
yield primers with increased temperature stability, it was shown
that copper-plated steel components charged with G-16 mixture re-
sulted in less change in sensitivity on storage at 500' F than did
either brass or unplated steel componencs.
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INTRODUCTION

To improve the high temperature stability of primers used in
propellant actuated devices (PAD), a contract (DA-19-020-507-ORD

-5153) was awarded to Remington Arms Company, Inc., by Frankford
Arsenal, Philadelphia, Pennsylvania. This report covers studies
conducted under Phase III of this contract.

Under Phases I and II, the original goal of primer storage
for 2000 hours at 400* F was approached by the development of two
primers which were coded by numbers 73 (G-11) and 73 (G-16). This
nomenclature signifies No. 73 primer components charged with G-11
mix and No. 73 primer components charged with G-16 mix. The basic
components of these designs are indicated in the drawing in Figure 1;
the formulas for the priming mixtures are given in the following
tabulation.

G-11 G-16

Potassium chlorate 53 53
Antimony sulfide 25 30
Calcium silicide 12 17
TACOT 10 -

Experiments conducted under Phase II of the contract showed
that dezincification of the brass components occurred after pro-
longed storage at 4000 F, together with a loss of sensitivity when
previously stored primers were held at 720 F temperature and 64%
relative humidity conditions for a period of two weeks. Other
experiments, however, indicated that selected metal components or
plating of metal components would probably provide significant im-
provement. There was some evidence to indicate that exposure to
temperatures above 400' F might be tolerated for short periods,
particularly with the G-16 priming mixture.

The aim of the studies was to identify primer composition and
materials problems and, also, to provide a probable target specifi-
cation for the next generation of percusssion primers capable of
storage and use above 400Q F. Therefore, the primary objectives
of the Phase III work, reported here, were:

1. To investigate the room temperature sensitivity of 73 (G-16)
and 73 (G-11) primers after storage at temperatures between 4000 and
600' F.
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2. To investigate the high temperature sensitivity of 73 (G-16)
and 73 (G-il) primers tested while being held at temperatures between
4000 and 600' F, and the difficulties that might be encountered at
6000 F.

3. To determine priming mixture ingredients and metallic com-
ponents which would be stable in a primer after several hours' stor-
age at temperatures up to 600* F.

This report prvides a detailed explanation of the methods used
and results obtained by the contractor in conducting these studies.
Essentially, the investigation was conducted in four distinct sub-
phases:

1. Room temperature sensitivity tests of conditioned primers;

2. Elevated temperature sensitivity tests of conditioned
primers;

3. A study of materials for primer components;

4. A study of priming mixture ingredients,

PROCEDURES AND RESULTS

Room Temperature Sensitivity Tests of Conditioned Primers

Prior to full scale storage tests at temperatures above 400' F,
preliminary tests were made at 50' intervals between 400* and 600' F
to determine: (1) the hazards connected with the storage of primers
at these temperatures; (2) the approximate duration of storage at
each temperature and, hence, the size of the sample necessary for
the tull scale tests.

Results of the preliminary tests (shown in Table I and 2), in-
dicated:

1. The 73 (G-16) primers ignited at 6000 F in less than 1/2
hour.

2. The 73 (G-16) primers showed some sensitivity after one
hour at 550* F or after 24 hours at 500w F.

3. The sensitivity of 73 (G-16) and 73 (G-11) primed shells
decreased steadily with time at 450" F. The level of sensitivity

I*



TABLE I.

Results, Preliminary High Temperature Storage Tests,
73 (G-16) Primers

(4-oz weight)

Storage Storage
Temperature Time Sensitivity Results

(hr) at 720 F

Primers

600 1/2 All (7/7) ignited in oven,

550 1/2 3 out of 5 fired at 12 in.
1 2 out of 5 fired at 12 in.
1-1/2 0 out of 5 fired at 12 in.

500 0 4 out of 5 fired at 12 in.
4 5 out of 5 fired at 12 in.

a4 ut of 5 fired at 12 in.
24 4 out of 5 fired at 12 in.

Primers, Aluminum Foiled, in 7.62 mm Casesa

500 0 b = .9.4 in.
24 X= 13.2 in.
48 K = 16.6 in.
72 = 20.8 in.

120 1 out of 25 fired at 25 in.

450 1 9.1 in.
24 9.3 in.
72 K 10.4 in.

144 K 11.0 in.
240 Y = 12.6 in.

a25-primer Bruceton type test. (Brucetoa method - Ordnance Corps

Pamphlet ORDP 20-111, "Experimental Statistics," Section 2, pp
10-22, 10-23.)

b% =mean firing height.

4
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TABLE 2.

Results, Preliminary 450' F Storage Test,
73 (G-Il) and 73 (G-16) Primers in Aluminum Foiled 7.62 rma Cases

(25-primer Bruceton type Tests at 72' F)

Storage Time Mean Firing Height (R•b

at 4500 F (in,)
Testa (hr) 73 (G-1i) 73 (G-16)

A 0 8.1 9.3
24 8.2 9.3
48 8.4 9.7
72 8.8 9.9
96 8.8 9.9

144 8.8 10.7
168 9.7 11.0
216 9.7 11.1
312 9.7 11.0

0 8.3 9.8
360 9.0 10.9
528 9.1 11.4
696 14.2 13.1
864 9.5 13,2

1008 11.2 14.1
1176 13.6 14.9

aSamples depleted at end of test A; new samples used in test B, but

primers from same manufacturing lots as in test A.
bFour-oz weight in all tests.

(i.e., the mean firing height, X) sti3l appeared satisfactory after
one to three weeks, although this needed to be verified by complete
run down tests.

Following these preliminary tests, large samples of 7.62 mo
NATO cases were primed with 73 (G-16) or with 73 (G-I1) primers,
with 0.010 inch thick aluminum covering the flash hole. Brass cases
were used bacause they were readily available. The aluminum seal
was applied at the primer issertion operation by blanking from strip.

For the comparatively short duration of 550' and 5000 F tests,
the effect of "heat up" time was partially eliminated by placing the
shells in a 4500 F oven for 30 minutes before starting storage. (The
preliminary tests had shown that 30 minutes at 450' F had no appre-
ciable effect on sensitivity.)
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On removal from the high temperature ovens, samples were im-
mediately placed on a bench in the oven room and allowed to remain
there for one-half to one hour. After this time they could be
handled eafely, and they were then removed to the drop test room,
which was held at 720 F and about 64% relative humidity. Thus, drop
tests were started one to two hours after the primers had been re-
moved from the oven. Drop test results after storage at temperatures
between 400* and 6000 F are shown in Tables 3, 4, and 5, and are dis-
cussed in the body of the report.

it was noted that several G-11 primers would not fire after
one week cf storage at 450' F, which indicated an abrupt change
from results obtained at 40G0 F in an earlier phase of the program.
This would not have been observed in a Bruceton type test and, in
fact, was not observed in the preliminary tests (Table 2), although
the estimated mean firing heights were identical in the two tests.

TABLE 3,

Res-!ts, Room Temperqture Testing after 5500 F Storage
73 (G-16) Primers in Foiled 7.62 mm Cases

Storage TimeC
at 550 0 F a + 3a

(hr) (kinL.)n (in.).

0.5 9.96 1.25 13.71
1.0 10.30 1.37 14.41
1.5 10.56 0.97 13.47
2.0 10.70 1.01 13.73
3.0 11.38 1,05 14.53
4.0 12.10 1.36 16.18
5.0 12.74 1.79 18.11

aTime indicated is actual time the shells were in the 5500 F oven.
The effect of "heat up" time was partially overcome by placing the
zhells in a 450* F oven for 30 minutes before starting storage at
5500 F. it had been shown that 30 minutes at 4500 F has no appre-
ciable effect on sensitivity.

NOTE: Run-down; 25 at each one-inch interval; 50 at high clearance.
Four-oz weight, at 720 F.
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TABLE 4.

Results, Room Temperature Testing after 5000 F Storage
73 (G-16) Primers in Foiled 7,62 mm Cases

Storage Timea
at 500 0 F a + 3a

_(hr) (in.) (in.) (in.)

0 9.08 1.34 13.20
2 9.32 1.41 13.55
4 9.02 1.36 13.10
6 9.68 1.37 13.79
8 9.62 1.31 13.55

10 9.60 1.20 13.20
12 10.18 1.09 13.45
14 i0.00 1.08 13.24
16 10.04 1.19 13.61
18 10.10 1.39 14.27

20 10.78 1.48 15.22
22 10.82 1.29 14.69
24 11.22 1.43 15.51
26 10.80 1.12 14.16
28 10.94 1.33 14.93

30 11.92 1.40 16.22
32 12.26 1.79 17.63

aTime indicated is actual time the shells were in the 500' F oven.
The effect of "heat up" time was partially overcome by placing the
shells in a 450c F oven for 30 minutes before starting- torage at
550' F. It had been shown that 30 minutes at 4500 F has no appre-
ciable effect on sensitivity.

NOTE: Lot plant-charged 10 Sep 63. Run-down; 25 at each one-inch
interval; 50 at high clearance. Four-oz weight, at 720 F.

7



TABLE. 5.

Results, Room Temperature Testing after 4500 F Storage

73 (G-11) and 73 (G-16) Primers in Foiled 7.62 mnm Cases

Storage 73 (G-11) 73 (3-16)
Time at
450 0 F X a X+3 X a ++3a

0 7.66 1.46 12.04 9.52 1.39 13.69
168 9.7 a a 10.94 1.30 14.84
336 9 to 10 a a 12.46 1.68 17.50
504 12.40 1.82 17.86
672 12.14 1.79 17.51
840 13.28 1.87 18.89

aEstimated; no clearance.

NOTE: Lot plant-charged 10 Sep 63. Run-down; 25 at each.one-inch
interval;.50 at high clearance. Four-oz weight, at 720 F.

During earlier testing, when 7.62 mm foiled cases were stored
for protracted periods of time at 400' F, there was no evidence of
the presence of any completely inert primers.* Complete run-down
curve tests after 3500 hours at 400* F did not fail to give an
upper clearance height. On some tests there were indications of
increased positive skewness after storage at 4000 F, but in all
tests reasonable clearance heights were obtained with a sample
size of fifty.

In view of the results of the 4500 F test, the individual
curve test results at 400* F were reviewed in order to be sure
that the preceding remarks correctly portray this picture. This
breakdown phenomenon appears to become accentuated, therefore,
between 400* and 450* F.

Further consideration of the 4000 F tests also revealed that
there may be a correlation between sensitivity and the time between
removal from the high temperature oven and testing. A test on
primed cases store6 for 2520 hours at 4000 F and allowed to stand
for two weeks before testing showed significantly poorer sensi-
tivity than preceding or succeeding samples that were tested about
two hours after removal from storage.

In addition to drop test sensitivity, cartridge ignition tests
were made on several samples uf primed shells that had been stored
at high temperatures. Samples of 73 (G-16) primers stored for 168

*Final Summary Report, Phase II, AB-62-1G, Remington Arms Company,
Inc., Sep 62.
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hours at 4500 F and for 22 hours at 5000 F were obtained by cutcing
down stored primer cases. Along with a sample of unstored primers,
they were loaded into 7.62 mm cartridges and fired at ambient tem-
perature. Pressure and velocity were normal for all samples; i.e.,
about 52,000 psi and 2800 fps. Action times for the stored samples
were somewhat increased. With the disjunctor five feet from the
muzzle, standard ammunition gave times of four milliseconds; the
unstored 73 (G-16) gave 4.8 milliseconds, while the stored primers
gave times in the 31 to 39 millisecond range.

Eltvated Temperature Sensitivity Tests of Conditioned Primers

For drop tests at elevated temperatures, the standard steel
drop test die holder was replaced by an aluminum block fitted with
heater, firing pin bushing, and thermocouple well, as shown in
Figure 2. Standardization and calibration tests indicated that if
the primed shells were first preheated in the heated die, equilib-
rium was reached in about 1-1/2 to 2 minutes.

It was necessary to place a 1/2 inch sheet of Transite be-
tween the heated die assembly and the bed of the drop test stand
in order to minimize heat losses. This gave enough cushioning to
raise the X about 11 to 14 percent in room temperature tests on
73 (G-11) and 73 (G-16) primed shells (Table 6). It must be presumed
that some unknown part of this increase appears in the high tempera-
ture tests, but comparative tests in the heat die appear reasonable
and valid. As was already known for lower temperatures, the X de-
creased with increased temperature; at 5000 F, tbe mean firing
heights were about 40 percent of the 720 F values. Table 7 indicates
the results obtained from tests conducted at 450* and 500* F with
73 (Gr16) primed.cases which had been stored at these same tempera-
tureg. These conditiohs coisistod of:

1. Storage for 168 hours at 4500 F and then tested at 450* F;

2. Storage for 32 hours at 5000 F and then tested at 5000 F.

Study of Materials for Primer Components

Number 73 type primer cups and anvils were made from 1010 steel
and plated with copper. Charged with G-16 priming mixture, the
steel component primers, unplated and copper plated, were assembled
into foiled 7.62 mm cartridge cases and stored at 5000 F. The effect
of "heat up" time was portially overcome by placing the shells in a
4508 F oven for 30 minutes before starting storage at 5000 F. Room
temperature drop tests were rua on samples withdrawn at 24-hour in-
tervals for five days. The results are shown in Table 8.

9
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TABLE 7.

Results, Elevated Temperature Drop Tests,
Stored 73 (G-16) Primers in Foiled 7.62 mm Cases

Storage Time Temperature ( 0 F) x

(h)SoaeTest i~n.j

0 72 10.8
0 - 450 5.3

168 450 450 5.8
0 - 500 4.0

22 500 500 4.8
32 500 500 5.4

NOTE: Lot plant-charged 10 Sep 63.
25-primer Bruceton Tests; one-inch intervals; 4-0z weight.

TABLE 8.

Results, 5000 F Storage Test

73 (G-16) Primers, Steel Compont.nts, in Foiled 7.62 mm Cases

Storage Timea X (K an.)
at 5000 F Copper Plated Unplated

(hr) Components Components

0 11.7 12.1
24 12.2 Misfires at 25 in.
48 12.5
72 13.3
96 14.1

120 15.5

aTime indicated is actual time in the 5000 F oven. The effect of
"heat up" time was partially overcome by placing the shells in a
45 0 * F oven for 30 minutes before starting storage at 5000 F. It
had been shown that 30 minutes at 4500 F has no appreciable effect
on sensitivity.

NOTE: Lot plant-charged 10 Sep 63.
25-primer Bruceton test; 4-oz weight, at 72' F.

12
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Study of Priming Mixture Ingredients

Table 9 indicates the percent composition of the various
priming mixtures used in this investigation. The results of tests
conducted after storage of up to nine weeks at 4000 F are shown in
Table 10.

TABLE 9.
Priming Mixture Formulas

FA670
G-11 G-16 G-18 G-19 G-20 G-21 G-22 G-23 'P-4

Potassium chlorate 53 53 - - 53 53 53 53
Potassium perchlorate - - 53 53 - - - -
Antimony sulfide 25 30 30 30 - - -

Calcium silicide 12 17 17 - 30 17 17 30
Zirconium (Gran C) - - - 17 17 - - -

Iron phosphide - - - - - 30 - - -

Ferrous sulfide - - - - - - 30 - -

Cuprous thiocyanate - - - - - - - 17 -

TACOT 10 - - - - - - -

Barium nitrate - - - - - - - - 80
Red phosphorus - - - - - - - - 20

TABLE 10.
Results, 4000 F Storage Test

k3-23) Primersa in Foiled 7.62 mm Cases

Storage Time
at 4000 F X

(hr) (in.

0 5.0
168 7.1b
336 7.2
504 8.4'

aCuprous thiocyanate mixture.
bSeveral hangfires.
cAll fires were hangfires.

NOTE: 25-primer Bruceton test; 4-oz weight, 720 F.

13



The evaluation of P-4 priming mixture consisted of storing the
test primers at 4000 F for up to four weeks. A portion of the sample
primers were removed at one-week intervals and tested after allowing
them to cool to 720 F. The V-4 primer mix was loaded in three dif-
ferent types of test primers. One type of primer used a zinc die-
cast anvil with an aluminum cup which was made to No. 72 primer di-
mensions. A second type of primer combined a standard No. 72 brass
primer cup and conventional round nose anvil coated with shellac.
The third type used an aluminum cup and round nose anvil made to No.
73 primer dimensions.

The shellac-coated brass components delivered the best results,
as indicated in Table 11. Maximum storage time at 4000 F for this
mixture would appear to be less than 336 hours.

TABLE 11.
Results, 4000 F Storage Test,

Primers with P-4 Mixture

X (in.)
Storage Time 72 (P-4) Primersa 72 (P-4) Primrsb 73 (P-4) Primersc
at 4000 F Aluminum Cup, Shellaced Brass Aluminum

(hr) Zinc Die-cast Anvil Cup and Anvil Cup and Anvil

0 11.3 5.1 5.8
168 Misfires up to 25 in. 7.2 i1.1
336 Misfires up to 35 in. 9.8 14.9
504 18.6 Misfires up to 30 in.
672 - 16 misfires out Misfires at 30 in.

of 20 between 20
and 30 inches.

aCup was made to No. 72 primer dimensions because zinc die-cast anvil

.was available only in the size to fit that cup.
OStandard No. 72 primer cup and conventional round nose anvil coated
with shellac.

CAluminum cup and round nose anvil made to No. 73 primer dimensions.

NOTE: 25-primer Bruceton test; tested at 720 F with 4-oz weight.

DISCUSSION

Room Temperature Sensitivity Tests of Conditioned Primers

Preliminary tests were conducted to obtain results which would
allow for a better definition of experimental parameters applicable
to more extensive testing. These initial tests, the results of which

14



are shown in Tables I and 2, were made to determine the sensitivity
of 73 (G-16) primed foiled cases after exposure at 450*, 5000, and
6000 F. It was found that the period of usefulness, depending, of
course, on specific sensitivity requirements, appeared to range
from several weeks at 450 F to several hours at 550' F. G-16
primers exploded after less than 30 minutes in a 6000 F environment.

1he sensitivity of 73 (G-11) primed foiled cases was determined
after exposure at 450* F. The results indicated that no reliance
can be placed on these primers after an exposure of one week or more
at 4500 F. G-11 primers may burn or explode after several hours at
5000 F.

More extensive testing of the sensitivity of 73 (G-16) and 73
(G-11) primers was then initiated. The first phase testing consisted
of storing the primers for different lengths of time at temperatures
varying from 450* to 5500 F. After heating for specified times, they
were removed from oven storage, allowed to cool to room temperature
(720 F), then submitted to standard drop test procedure. The results
of these tests are shown in Tables 3, 4, and 5.

In addition to drop test sensitivity, cartridge ignition tests
ware made on several samples of primed shells that had been stored
at 450* and 5000 F. Pressure and velocity were measured at ambient
temperature and compared with results obtained with unstored shells
and primers. There appeared to be little change, although a definite
increase in ignition time was evident. Additional details of these
tests are contained in the description of experimental procedures,

Elevated Temperature Sensitivity Tests of Conditioned Primers

Essentially, the second phase of testing consisted of the same
procedure as the first, except for one important difference - the
primers were not allowed to cool to room temperature, but were
tested at the particular elevated temperature in question. A heated
die (shown in Figure 2) was designed and fabricated for the drop
test equipment. The sensitivity of 73 (G-16) and 73 (G-11) primers
loaded in foiled cases was measured in the 4000 to 5500 F range, as
well as at 72' F, with this equipment (see Table 6). The primed
shelle were first preheated to within 50' to 1000 F of the test
temperature and then placed in the heated die. Times of 1-1/2
minutes at 400* and 450' F and two minutes at 500' F were allowed
for reaching equilibrium prior to testing.

Using the results obtained with the primers maIntained and
tested at 720 F as a standard for comparison, it can be noted that
the effect of increasing the temperature at which the tests were
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performed was to reduce the mean fLring height. In comparing the
performance of the G-11 primers, the data indicated that at 4000 F
the mean firing height was reduced to about 70 percent of the
height obtained at 72' F testing. This height was reduced even
further, to approxi;.ately 40 percent of the standard, when the
primers were tested at 500' F.-

Similar tests conducted with the G-16 primers indicated the
same trend of reduction in mean firing height with increased tem-
perature. Tests conducted at 4000 F indicated the mean firing
height decreased to approximately 55 percent of the results ob-
tained at 720 F; tests conducted at 5000 and 550' F reduced this
figure to 37 and 26 percent, respectively.

A few tests were made at 450' and 5000 F with 73 (G-16)
primed cases which also had been stored at these same temperatures.
These conditions consisted of:

I. Storage for 168 hours at 4500 F and then testeA at 4500 F.

2. Storage for " hours at 500' F and then tested at 5CO' F.

As can be seen by comparison of the results, shown in Table 7, the
mean firing height of the stored sample in each case was about
half that of the unstored primers which were fired at 72' F. At
4500 F, the increase in mean firing height of the stored sample
over the unstored sample was about 10 percent. The sample stored
and tested at 5000 F, when compared with the unstored sample tested
at 5000 F, showed an increase in mean firing height of 20 percent
(22 hours) and 35 percent (32 hours,.

Study of Materials for Primer Components

The third phase of this study concentrated on the eveluation
of ideas for primer components that might yield primers having in-
creased stability after storage in the 400Q to 6000 F temperature
range. In this study, defezts observed with the current brass cups
and anvils were caused by chemical corrosion (evident at mixture
contact points) and annealing. The corrosion appeared to be caused
largely by dezincification, but there also appeared to be some ccop-
per oxidation.

From a metallurgical standpoint, steel seemed to be a logical
starting choice for investigating new materials for primer compo-
nents. Its physical properties will remain unchanged at the con-
templated temperatures, and fabrication is easier than with ma-
terials such as titanium or some of the nickel and chromium alloys.
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Furthermore, it appeared possible to protect against corrosion by -

plating. Consequently, No. 73 type primer cups and anvils were made
from 1010 steel and plated with copper. It was thought that copper
would give better protection than bare steel or brass. The results
of tests conducted after storage at 500* F (Table 8) indicated that
while these primers were not quite as sensitive as those with brass
components, there is somewhat less change in sensitivity over three
days than occurred in 24 hours with brass components (Table 4).
Also, the copper plating of the steel components helped considerably
as a similar sample without the copper plate would not fire with a
25-inch ball drop after only one day's storage at 500° F.

Study of Priming Mixture Ingredients

A similar investigation of priming mixture ingredients was less
fruitful. Table 9 indicates the percent composition of the various
mixtures. The use of the following ingredients resulted in primers
that were insensitive: (1) granulation C zirconium, iron phosphide,

or ferrous sulfide in place of antimony sulfide or calcium silicide,
and (2) potassium perchlorate in place of potassium chlorate in the
G-16 type mixtures.

Cuprous thiocyanate in a G-16 type mixture resulted in excellent
sensitivity, but stability was not good, even at 400Q F (see Table 10).
The cuprous thiocyanate mixture may be useful where high sensitivity
in required.

The evaluation of P-4 primiag mixture included investigation of
a red phosphorus composition in aluminum components, a zinc die-cast
anvil, and shellacked brass components. The test results are shown
in Table 11. Although none of the samples approached 2000 hours'
storage, the primers with shellacked brass components did deteri-
orate more slowly than the others. However, this composition may
have value at 4000 F and should be included in future investigations.

CONCLUSIONS

In general, percussion primer sensitivity increases as exposure
temperatures and times increase. However, once a primer has been
exposed to high temperatures, an accurate prediction of its perform-
ance becomes increasingly difficult to estimate. It should be noted
that primer mixture properties do not become frozen at any particu-
lar temperature. These properties will vary, not only with tempera-
ture but also with exposure time to that temperature. After a primer
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has been stored for a time at an elevated temperature, another var-
iable is introduced if the primer is allowed to cool to and remain
at room temperature prior to testing. This last effect on sensi-
tivity will vary, depending upon the severity as well as the length
of exposure time of the elevated temperature. To a varying degree,
it may even be less sensitive than the original unstored primer.
Usually, the longer the primer is allowed to remain at room tempera-
ture after removal from high temperature storage, the more pronounced
is this reduction in sensitivity.

Comprehensive statements as to the "goodness" or "badness" of
primed shells after high temperature storage will not be attempted,
since such statements would depend on evaluation under the conditions
of contemplated usage. However, under the conditions of storage and
testing described in this report, No. 73 (G-16) primed shells apnear
to fire reliably after limited exposure to elevated temperatures up
to 550" F. The period of usefulness, depending of course on specific
sensitivity requirements, appears to range from several weeks at
450* F, to a day or less at 5000 F, to several hours at 550' F.

The sensitivity of 73 (G-11) primed foiled cases was determined
after exposure at 450' F. Results indicated that no reliance can be
placed on these primers after an exposure of one week or more at
4500 F. After several hours at 5000 F, these primers may burn or
explode. The results of the 73 (G-11) tests at 4500 F indicated
that a certain number of primers (15 to 20 percent) would not fire
under any blow. Comparison with results of tests performed at 400Q
F indicates that a breakdown phenomenon appears to become accentuated
between 4000 and 4500 F. £here also appears to be a correlation be-
tween sensitivity and the time between removal from the high temper-
ature oven and testing. Therefore, the nature and duration of the
primer environment between high temperature storage and testing
should be investigated in future work.

In the investigation of primer components and materials to in-
crease primer stability, it was shown that copper plated steel com-
ponents charged with G-16 mixture resulted in less change in sensi-
tivity on storage at 5000 F than did either brass or unplated steel
components. These results indicate a potentially profitable field
of investigation, since it appears likely that other plating mater-
ials may be even better than copper.

Investigation of several priming mixture ingredients did not
di~clese any new for ilaeion which could be considered superior to
G-il and G-16 mixtures for use at elevated temperatures. The evalu-
ation of P-4 mixture showed that there is a steady desensitization
at 4000 F under all the conditions tested, Best results, obtained
with shellac-coated br=As components, showed good sensitivity after
two weeks but not afttV three weeks.
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RECOMMENDATIONS

Since none of the primers exhibited any useful life at 6000 F,
it is recommended that additional studies be conducted to define
and resolve the problem areas noted. These studies are also a
necessary prior step to the definition of a development specifica-
tion for a higher temperature percussion primer for PAD.

Although the G-16 percussion primer evidences a limited capa-
bility for operation at temperatures above 4000 F, its uses above
thts temperature would have to be under carefully prescribed condi-
tiona. Determination of performance requirements for a specific
application above 400' F would require further investigation. The
nature and duration of the primer environment in the interval be-
twen high temperature storage and testing should be investigated
to determine the cause for loss in sensitivity found between the
time of removal from the high temperature oven and testing.

Additional studies should be conducted to determine future
requirements for improved primer components, component msterials,
and primer mixtures, to satisfy the demandc of more stringent
operational conditions. Because of the encouraging results ob-
tained with copper-plated steel components, it is recommended
that a study be made of steel and brass components plated with
various inert metals as a means of improving stability at temper-
atures up to 600' F.
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